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STATUS OF CLAIMS 

There are a total of 19 claims (claims 1, 3, 5-10, 13-18, and 20-24) in the 
application. Claims 1, 3, 5-10, 13-18, and 20-24 have been rejected under 35 USC 103(a) 
as being unpatentable over (U.S. 5,923,663 to Bontemps). Claims 1, 3, 5-10, 13-18, and 
20-24 are on appeal. 

STATUS OF AMENDMENTS 

There were no amendments filed subsequent to the Final Office Action. 

SUMMARY OF CLAIMED SUBJECT MATTER 

The present invention relates to routers and switches and the detection and 
communication of a PHY level logic to a host processor. The first aspect of the present 
invention includes a front card configured to accept a Fast Ethernet device on a PCI- 
compliant bus, and the front card includes a switch that is serially disposed on a PCI_AD 
to device IDSEL connection corresponding to a particular channel on the front card. 
The switch is configured to receive a sensing signal corresponding to the channel from 
the device. The switch is configured to enable the connection of PCI_AD to FE MAC 
device IDSEL on the front card if the sensing signal is in a first state, and provide a low 
potential to the device's IDSEL input on the front card if the sensing signal is in a 
second state. 

In a second aspect, the present invention comprises a switching means disposed 
on the front card; the switching means is configured to receive a sensing signal from the 
back card. The sensing signal has a first and a second state, and the switching means is 
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configured to provide a predetermined signal to the front card depending on the state of 
the sensing signal. 

In a third aspect, the present invention provides a method comprising receiving, 
by the front card, a sensing signal from the back card; if the sensing signal is a logical 
low, then providing a PCI_AD to device IDSEL connection corresponding to a 
particular channel on the back card to the front card; if the sensing signal is not a logical 
low, then decoupling the PCI- AD to device IDSEL connection and providing a logical 
low signal in the place of the PCI_AD line. 

GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Appellants consider that although all of the claims presented for consideration 
before the Board are allowable over the prior art of record, the patentability of individual 
claims may stand or fall as a group. Claims 1, 3 5-10, 13-18, and 20-24 are grouped. 
Claims 1, 3, and 5-9 are grouped. Claims 10, 13-17 are grouped. Claims 18, 20-24 are 
grouped. 

CONCISE STATEMENT OF EACH GROUND OF REJECTION 
1. The 35 USC 103(a) rejection 

Regarding Examiner's rejection of claims 1, 3, 5-10, 13-18, and 20-24, Applicant 
submits that Bontemps, when combined with Applicant's admitted prior art (AAPA) 
does not disclose the limitations of claims 1, 3, 5-10, 13-18, and 20-24. Specifically, 
Examiner rejected independent claims 1, 10, and 18, by citing FIG. 1, elements 100 and 
101 as teaching this same limitation. However, independent claims 1, 10, and 18 are 
directed to a router having a front card comprising an FE MAC, and a back card 
comprises an FE Phy. In stark comparison, element 100 in FIG. 1 refers to a computer 
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network, and there is no element 101 in Bontemps. Thus, the cited prior art does not 
teach or suggest all of the claim limitations. 

In order to combine Bontemps with AAPA, the Examiner must show that 
Bontemps in combination with AAPA would arrive at Applicant's invention. Absent 
this, there is no motivation to combine Bontemps with AAPA because such combination 
doesn't solve the problem described in Applicant's AAPA. 

In conclusion, Applicant respectfully submits that the 35 USC 103(a) rejection of 
claims 1, 10 and 18 as amended (and thus their respective dependent claims) cannot be 
sustained. If the Examiner feels there are any remaining issues that can be resolved by 
telephone, Examiner is invited to call the undersigned attorney at the phone number 
listed below. 



Respectfully submitted, 
SIERRA PATENT GROUP, LTD. 



Date: March 5, 2007 



/john w. crosby/ 



Sierra Patent Group, Ltd. 
1657 Hwy 395, Suite 202 
Minden, Nevada 89423 



John W. Crosby 
Reg. No. 49,058 



Telephone: (775) 586-9500 
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EVIDENCE APPENDIX: 

Applicant submits herewith a copy of U.S. 5,923,663 to Bontemps. 



RELATED PROCEEDINGS: 
Not applicable. 

CLAIMS APPENDIX: 

1. (Previously presented) In a communications system having a router, said 
router having a PCI-compliant front card, said front card being configured to accept a 
LAN or WAN compliant back card, a method for detecting the absence of a Phy Layer 
device on the back card and communicating said absence to the front card, said method 
comprising: 

receiving, by a switching input of a tri-state buffer provided on the front card, a 
sensing signal from the back card; 

if said sensing signal is a logical low, then coupling a IDSEL signal 
corresponding to a particular channel of said back card to said front card; and 

if said sensing signal is not low, then decoupling said IDSEL signal from said front 
card and providing a logical low signal in the place of said IDSEL line, wherein said 
front card comprises an FE MAC, and said back card comprises an FE Phy. 

2. (Canceled) 
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3. (Previously presented) The method of claim 1, wherein said tri-state buffer further 
has an input and an output, said input and output being serially disposed on a IDSEL 
line corresponding to a particular channel. 

4. (Cancelled) 

5. (Previously presented) The method of claim 1, wherein said front card and said 
back card are coupled via an Mil bus. 

6. (Previously presented) The method of claim 1, wherein said front card comprises 
an HDLC control, and said back card comprises a Tl/El framer/line interface. 

7. (Previously presented) The method of claim 6, wherein said front card and said 
back card are coupled via a TDM bus. 

8. (Previously presented) The method of claim 1, wherein said front card comprises 
an ATM SAR, and said back card comprises an ATM Phy. 

9. (Previously presented) The method of claim 8, wherein said front card and said 
back card are coupled via a Utopia bus. 

10. (Previously presented) In a communications system having a router, said router 
having a PCI-compliant front card, said front card being configured to accept a LAN or 
WAN compliant back card, an apparatus for detecting the absence of a Phy Layer 
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device on the back card and communicating said absence to the front card, said 
apparatus comprising: 

means for switching disposed on the front card comprising a tri-state buffer 
wherein said tri-state buffer has an input, an output, and a switching input wherein said 
input and said output of said tri-state buffer being serially disposed on said front card 
and said switching input of said tri-state buffer is configured to be coupled to said 
back card, wherein said front card comprises an FE MAC, and said back card comprises 
an FE Phy; 

said means for switching being configured to receive a sensing signal from the 
back card, said sensing signal having a first and second state; 

said means for switching being further configured to provide a predetermined 
signal to said front card responsive to said state of sensing signal. 

11. (Canceled) 

12. (Cancelled) 

13. (Previously presented) The apparatus of claim 10, wherein said front card and 
said back card are coupled via an Mil bus. 

14. (Original) The apparatus of claim 10, wherein said front card comprises an HDLC 
control, and said back card comprises a Tl/El framer/line interface. 

15. (Original) The apparatus of claim 14, wherein said front card and said back card 
are coupled via a TDM bus. 
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16. (Original) The apparatus of claim 10, wherein said front card comprises an ATM 
SAR, and said back card comprises an ATM Phy. 

17. (Original) The apparatus of claim 16, wherein said front card and said back card 
are coupled via a Utopia bus. 

18. (Previously presented) An apparatus for detecting the absence of a LAN or 
WAN compliant device, said apparatus comprising: 

a PCI-compliant front card, said front card being configured to accept a LAN or 
WAN compliant back card wherein said front card comprises an FE MAC, and said back 
card comprises an FE Phy; 

said front card further having a switch, said switch being a tri- state-buffer being 
serially disposed on a IDSEL connection corresponding to a particular channel on said 
front card, said switch being further configured to receive a sensing signal 
corresponding to said channel from said device by switching input of said tri-state 
buffer; and 

wherein said apparatus is configured to couple said IDSEL connection to said 
front card if said sensing signal is in a first state, and provide a low potential to said front 
card if said sensing signal is in a second state. 

19. (Cancelled) 

20. (Original) The apparatus of claim 18, wherein said front card and said back card 
are coupled via an Mil bus. 
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21. (Original) The apparatus of claim 20, wherein said front card comprises an HDLC 
control, and said back card comprises a Tl/El framer/line interface. 

22. (Original) The apparatus of claim 18, wherein said front card and said back card 
are coupled via a TDM bus. 

23. (Previously presented) The apparatus of claim 20, wherein said front card 
comprises an ATM SAR, and said back card comprises an ATM Phy. 

24. (Original) The apparatus of claim 18, wherein said front card and said back card 
are coupled via a Utopia bus. 
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[57] ABSTRACT 

A media detection system that detects an external device 
coupled to a port of a network device and that establishes a 
working communication link. The media detection system 
includes a port connector including first and second contact 
sets and a physical layer device which includes a transmit 
output and a receive input. The physical layer device moni- 
tors its receive input for communication signals and pro- 
vides a link detect signal indicative thereof. The media 
detection system further includes a select circuit that selec- 
tively couples the transmit output and the receive input of 
the physical layer device to the first and second contact sets, 
respectively, of the port connector in a first state and crosses 
the connection in a second state. A control circuit is provided 
that toggles the select circuit between the first and second 
states until the link detect signal indicates reception of 
communication signals, whereupon the control circuit holds 
the select circuit in the particular state in which communi- 
cation signals were detected. If the link signal is negated 
thereby indicating subsequent loss of the communication 
signals, the control circuit preferably returns to the toggle 
mode to detect a new device coupled to the port. 

16 Claims, 4 Drawing Sheets 
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METHOD AND APPARATUS FOR 
AUTOMATICALLY DETECTING MEDIA 
CONNECTED TO A NETWORK PORT 

FIELD OF THE INVENTION 5 

The present invention relates generally to the field of 
networking devices, and more particularly to a system and 
method for automatically detecting media connected to a 
network port and for establishing a working communication 
link. 10 

DESCRIPTION OF THE RELATED ART 

There are many different types of networks and network 
systems for sharing files and resources or for otherwise 15 
enabling communication between two or more computers. 
The term "network device" generally refers to a computer 
linked to a network via a network interface card (NIC), or to 
other devices that perform specialized functions in the 
network, such as repeaters or hubs, bridges, switches, rout- 20 
ers and brouters, to name a few examples. Networks may be 
categorized based on various features and functions, such as 
message capacity, range over which nodes are distributed, 
node or computer types, node relationships, topology or 
logical and/or physical layout, architecture or structure 25 
based on cable type and data packet format, access 
possibilities, etc. For example, the range of a network refers 
to the distance over which nodes are distributed, such as 
local-area networks (LANs) within an office or floor of a 
building, wide-area networks (WANs) spanning across a 30 
college campus, or a city or a state and global-area networks 
(GANs) spanning across national boundaries. 

A network may be expanded by using one or more 
repeaters, bridges, switches or similar type devices. A 
repeater is a device that moves all packets from one network 35 
segment to another by regenerating, re-timing, and ampli- 
fying the electrical signals. Abridge is a device that operates 
at the Data-Link Layer of the OSI (Open Systems 
Interconnection) Reference Model and passes packets from 
one network to another and increases efficiency by filtering 40 
packets to reduce the amount of unnecessary packet propa- 
gation on each network segment. A switch is a network 
device similar in function to a multiport bridge, but includes 
a plurality of ports for coupling to several similar networks 
for directing network traffic among the networks. A repeater 45 
or a switch may also include a second set of ports for 
coupling to higher speed network devices, such as one or 
more uplink ports. 

Network architectures based on Ethernet or Token Ring 
encompass the Data-Link and Physical Layers and represent 50 
the most common protocols used. The Data Link layer is 
responsible for constructing and transmitting data packets as 
well as receiving and deconstructing data packets. The 
Data-Link layer provides services for the various protocols 
at a Network Layer and above it uses the Physical Layer 55 
below it to transmit and receive the data packets. The 
Physical Layer receives data packets from the Data-Link 
Layer above it and converts the contents of these packets 
into a series of electrical signals that represent logic zero (0) 
and one logic (1) values in a digital transmission. These 60 
signals are sent across a transmission medium to the Physi- 
cal Layer of a network device at the receiving end. At the 
destination, the Physical Layer converts the electrical sig- 
nals into a series of bit values, which are grouped into 
packets and passed up to the Data-Link Layer of the desti- 65 
nation device by the Physical Layer of the destination 
network device. 
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Many different structures and protocols are known for 
implementing the Data Link and Physical Layers. For 
example, Ethernet operates at 10 megabits per second 
(Mbps) (e.g. lOBase-T, lOBase-F) while fast Ethernet (e.g. 
100Base-T, 100Base-FX) operates at 100 Mbps. Standard 
Token Ring topologies generally operate between 4 and 16 
Mbps. Another standard is the ATM (Asynchronous Transfer 
Mode), which operates at speeds of 25.6 Mbps (ATM25 
UTP) or 155 Mbps (ATM155 UTP5), although other ver- 
sions may operate at even higher data rates. 

The particular structure and protocol is typically designed 
to operate with the particular media through which commu- 
nication takes place. Several Ethernet standards are defined 
for twisted-pair cables. Ethernet lOBase-Tis a copper-based 
protocol that operates over two pairs of twisted-pair tele- 
phone wire. Ethernet 100Base-TX operates over two pairs of 
Category 5 unshielded twisted-pair (UTP) or shielded 
twisted-pair (STP) wire. Ethernet 100Base-T4 operates over 
four pairs of Category 3, 4 or 5 UTP wire. The ATM25 UTP 
architecture uses two pair of UTP wire and ATM155 UTP5 
uses two pair of Category 5 UTP wire. An Ethernet standard 
is defined for coaxial cable, and Ethernet, Token Ring and 
ATM standards are defined for fiber-optic cables. For 
example, Ethernet 100Base-FX operates over two optical 
fibers. Token Ring architectures are defined for both UTP 
wire (Token Ring UTP) and STP wire (Token Ring STP). 
FDDI (Fiber Distributed Data Interface) operates using 
multi-mode or single-mode fiber-optic cables. CDDI or 
CuDDI (Copper Distributed Data Interface) is a network 
architecture that implements the FDDI specifications using 
electrical signals over conductive wire, such as copper wire, 
rather than on optical cable. The CuDDI UTP5 protocol, for 
example, operates over Category 5 UTP wire. 

Most of the protocols described above (lOBase-T, 
100Base-TX, Token Ring UTP/STP, CuDDI UTP5, 
ATM155 UTP5, ATM25 UTP) use two pairs of signals for 
communication, including a transmit (TX) pair and a receive 
(RX) pair of signals. Each pair includes a positive and 
negative counterpart, although the Token Ring signals are 
Differential Manchester Encoded and thus are not polarity 
sensitive. The ATM 155 UTP and all of the Ethernet stan- 
dards are polarity sensitive, whereas the ATM25 standard is 
polarity insensitive. Also, the 100Base-T4 protocol uses two 
additional bidirectional signal pairs. Some configurations, 
however, use a single channel for each of the transmit and 
receive functions. Also, wireless communication networks 
are known which communicate without physical media 
cables. 

A network device typically includes a Physical Layer 
entity (PHY) for containing the functions that transmit, 
receive and manage the encoded signals that are impressed 
on and recovered from a physical medium through a 
medium dependent interface (MDI). The MDI is the 
mechanical and electrical interface between the transmission 
medium and the medium attachment unit or PHY. To com- 
plete a communication link, a crossover function is per- 
formed in which the transmit signals of one device is 
coupled to the receive signals of another device. For the 
100Base-T4 protocol, bidirectional signals are also included 
which must be crossed as well. The crossover function may 
be performed within either network device or by a crossover 
cable connected in between. Standards according to the 
IEEE (Institute of Electrical and Electronics Engineers, Inc.) 
recommend a PHY with an internal crossover within the 
ports of a repeater or hub. An MDI implementing an internal 
crossover is typically marked with a graphic "X" symbol 
denoting the crossover function. The IEEE Standards also 
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recommend a PHY without the internal crossover for Data 
Terminal Equipment (DTE), which is any source or desti- 
nation of data connected to a LAN. In this manner, a 
compatible DTE device may be connected to a port of a 
repeater using a straight-through cable. For example, a 5 
computer system with an appropriate NIC is considered a 
DTE device, which usually does not incorporate the cross- 
over function so that a straight-through cable is required for 
connection to a repeater or hub. 

It is often desired to expand the network further by 10 
coupling two repeaters, bridges, switches, etc. together. If 
each port of both network devices includes an internal 
crossover function, then a crossover cable is required to 
complete the link between them. A crossover cable is also 
required if neither port includes an internal crossover func- 15 
tion. A straight-through cable is required if one port includes 
the crossover function and the other does not. If multiple 
DTE devices, computer systems, repeaters and switches 
must be interconnected, the appropriate cables must be used 
for each connection. To reduce confusion and provide 20 
flexibility, some network devices include at least one dual 
uplink port with two separate connectors or plugs, one 
connector that implements the crossover function and one 
that does not. Alternatively, the uplink port may include a 
mechanical switch to switch between a straight-through or 25 
crossover connection, where the switch is manually toggled 
depending upon the configuration of the network devices 
and the available cable. 

Dual ports and manually switched ports provide some 
flexibility, but neither is an optimal solution. If either port 30 
and/or the cable is not appropriately marked (such as with or 
without the graphic symbol "X", the user must guess at the 
appropriate connection. Often, the user guesses, but then 
arrives at the desired connection only after trial and error. 
Also, mechanical switches typically fail over time, espe- 35 
cially for network systems that are continually being 
re-configured or modified. Further, dual ports and mechani- 
cal switches are bulky and consume valuable space on the 
network device. It is desired to provide a solution to achieve 
the appropriate communication link automatically, regard- 40 
less of cable type. 

SUMMARY OF THE INVENTION 

A media detection system according to the present inven- 
tion detects an external device coupled to a port of a network 45 
device and establishes a working communication link. The 
media detection system includes a port connector imple- 
menting an MDI including first and second contact sets and 
a physical layer device that includes a transmit output and a 
receive input. The physical layer device monitors its receive 50 
input for transmitted communication signals and provides a 
link detect signal indicative thereof. The media detection 
system further includes a select circuit that selectively 
couples the receive input of the physical layer device to the 
first and second contact sets of the port connector in first and 55 
second states, respectively. The transmit output is preferably 
connected to the opposite contact set relative to the receive 
input in each state. A control circuit is provided that toggles 
the select circuit between the first and second states until a 
link detect signal indicates reception of communication 60 
signals. The control circuit holds the select circuit in the 
particular state in which valid communication signals were 
detected. In this manner, a communication link is established 
regardless of the particular crossover connections or func- 
tions. 65 

If the link detect signal is subsequently negated thereby 
indicating subsequent loss of valid communication signals, 
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the control circuit preferably returns to the toggle mode to 
detect another device coupled to the port. Thus, communi- 
cation links are established and reestablished without trial 
and simply by connecting the cable interfaces together. 

A physical layer device within an external data device, 
such as a DTE device, continually transmits communication 
signals, such as link or data pulses. However, the DTE 
device may include an internal crossover connection, or a 
crossover cable may be used for the communication link, so 
that the transmitted signals may be transmitted to either the 
first or the second contact sets of the port connector. Or, the 
external device may be a repeater or switch and the cable 
may or may not be implemented with a crossover connec- 
tion. The toggling function of a media detection system 
according to the present invention periodically and continu- 
ously toggles the receive inputs of the local physical layer 
device between the contact sets of the connector so that the 
communication signals are eventually detected. Upon 
detection, the state of the select logic is held or latched to 
establish a valid communication link. 

A clock circuit is provided for generating a periodic 
sample signal for determining the frequency of the toggling 
function. The frequency of the toggling function depends 
upon the particular protocol and the definition of the com- 
munication signals to be detected. For example, the com- 
munication signals for Ethernet protocols are link pulses, 
which pulses are each transmitted within approximately 24 
milliseconds (ms) of each other. An Ethernet PHY device 
determines a valid link sequence after between 3 and 11 
consecutive pulses are received. Typically, a valid link 
sequence is obtained after 5-7 consecutive pulses. Thus, the 
sample signal preferably has a frequency of approximately 
2—4 hertz (Hz) to ensure detection of a valid link pulse 
sequence. 

The present invention also contemplates protocols with 
bidirectional signal pairs, such as Ethernet 100Base-T4. In 
that case, the port connector further includes third and fourth 
sets of contacts and the physical layer device further 
includes first and second bidirectional signal pairs, where 
the select circuit couples the first and second bidirectional 
signal pairs of the physical layer device to the third and 
fourth contact sets, respectively, of said port connector in the 
first state and crosses the connection in the second state. Of 
course, any number of contacts and signals may be switched 
between straight-through and crossover connections as 
desired. 

A media detection system according to the present inven- 
tion is particularly useful for a multiport device, such as a 
repeater or switch. Each port includes a corresponding port 
connector, select logic and physical layer device. Each 
physical layer device provides a corresponding link detect 
signal to the control logic, which controls the select logic for 
each port. Preferably, the control logic provides a plurality 
of crossover signals, one for the select logic of each port to 
control the state of each port. 

The select logic is illustrated herein as an analog switch 
with a plurality of switchable contacts. However, the present 
invention is not limited to any particular implementation and 
contemplates integrated solutions. The switch logic prefer- 
ably includes several 2:1 multiplex switches for selectively 
coupling the transmit and receive signals of the physical 
layer device to the appropriate contacts of the port connector 
for performing a straight-through connection in one state 
and a crossover connection in another state. For protocols 
using complementary signals pairs, such as Ethernet or 
Token Ring embodiments using twisted-pair wire physical 



5,923 : 

5 

media, each signal pair of the physical layer device is 
switched between two different contact pairs of the port 
connector corresponding to the transmit and receive pairs of 
a compatible external device. 

The control circuit may be implemented in any desired 5 
manner for monitoring the link detect signals and providing 
a corresponding crossover select signal. In one embodiment, 
the control circuit is a state machine including at least one 
D-type flip-flop or latch with an enable input for implement- 
ing a hold function. The D input receives a periodic sample 10 
signal and the Q output provides the crossover select signal 
to control the select logic. The reference clock for the 
network device typically has a frequency in the megahertz 
(MHz) range is convenient for clocking the D flip-flop. For 
example, the reference clock for Ethernet lOBase-T is 20 15 
MHz and for Ethernet 100Base-TX is 25 MHz. A link detect 
signal is provided to the enable input (typically inverted) of 
the D flip-flop to hold the Q output in a steady state upon 
detection of valid communication signals by the physical 
layer device. For purposes of synchronization, two more 20 
D-type flip-flops may be provided at the front end of the 
enable or output flip-flop for receiving the link detect signal 
and for providing a hold signal to the enable input of the 
output flip-flop. 

A method according to the present invention of detecting 25 
the connection of an external device to the port connector of 
a network device comprises the steps of periodically tog- 
gling select logic between first and second states to switch 
the connection of the first and second contact sets of the port 

30 

connector between the receive input and the transmit output 
of the physical layer device, monitoring for communication 
signals in each of the first and second states of the select 
logic until valid communication signals are detected, and 
holding the select logic in one of the first and second states 
in which a link detect signal indicates detection of valid 35 
communication signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention can be 40 
obtained when the following detailed description of the 
preferred embodiment is considered in conjunction with the 
following drawings, in which: 

FIG. 1 is a block diagram of a network including network 
devices implemented according to the present invention; 45 

FIG. 2 is a schematic diagram of an automatic media 
detection circuit implemented according to one embodiment 
of the present invention; 

FIG. 3 is a schematic diagram of a port circuit to replace 
the port circuit of FIG. 2 for an Ethernet 100Base-T4 
configuration; and 

FIG. 4 is a schematic diagram of a discrete embodiment 
of the mode control circuit of FIG. 2. 

DETAILED DESCRIPTION OF THE 55 
PREFERRED EMBODIMENT 

Referring now to FIG. 1, a block diagram is shown of a 
network 100 including network devices 102 and 104 imple- 
mented according to the present invention. Each of the 60 
network devices 102 and 104 is preferably a multiport 
device, such as a repeater or switch or the like, which 
enables expansion of the network 100 by connecting as 
many network devices as there are available ports. For 
simplicity, the network device 102 is a repeater including a 65 
plurality of ports 106. Each of the ports 106 operates 
according to any one or more of several known protocols, 
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such as lOBase-T, 100Base-TX, 100Base-T4, 100Base-FX, 
Token Ring UTP/STP, CuDDI UTP5, ATM155 UTP5, 
ATM25 UTP, FDDI, CDDI, etc. Each of the ports 106 
includes the appropriate medium dependent interface (MDI) 
connector for interfacing the appropriate physical medium. 

Although a single device is usually designed for one 
particular protocol, a combination of protocols is also con- 
templated. For example, the ports 106 may include a first set 
of ports operating according to the lOBase-T protocol and a 
second set of ports operating according to the 100Base-TX 
protocol. Alternatively, each of the ports 106 may be 10/100 
switchable ports for operating at either 10 Mbps or 100 
Mbps depending upon the speed of the connected network 
device. For purposes of simplicity and explanation, the ports 
106 are Ethernet 100Base-TX ports. Although the present 
invention will be described with reference to a conductive 
wire version using twisted-wire pairs, it is understood that 
the present invention is equally applicable to other media 
including optical media or any other known media known or 
newly discovered. 

Several 100Base-TX network devices ND1, ND2 and 
ND3 are connected to respective ports 106 of the repeater 
102 via cable segments 108. Each of the ports 106 and the 
cable segments 108 include compatible connector pairs for 
proper electrical connection. The network devices ND1, 
ND2 and ND3 are preferably DTE devices, such as com- 
puter systems with NICs that operate according to the 
Ethernet 100Base-TX. In this manner, the devices ND1-3 
communicate with each other by sending Ethernet packets to 
and receiving packets from the repeater 102 via a cable 
segment 108. The repeater 102 generally operates by receiv- 
ing a packet at one port and transmitting a copy of the 
received packet to each of the remaining ports 106. Each 
packet typically includes a source address and a destination 
address, where each address identifies one of the network 
devices ND1, ND2 or ND3, although broadcast and multi- 
cast packets are also contemplated. A switch operates in a 
similar manner, but further examines and stores the source 
and destination addresses and ultimately sends each received 
packet only to the port of the destination device(s) to reduce 
network traffic and increase efficiency. 

The network device 104 is also a 100Base-TX repeater 
with a plurality of ports 110 and is implemented in a similar 
manner as the network device 102. Several 100Base-TX 
network devices ND4, ND5 and ND6 are connected to 
respective ports 110 of the network device 104 via similar 
cable segments 108 in a similar manner as for the network 
device 102. The network devices ND4— 6 are also DTE 
devices and communicate with each other by sending and 
receiving Ethernet packets via the cable segments 108. 
Furthermore, the network devices 102 and 104 are con- 
nected to each other via a cable segment 112 connected 
between any one of the ports 106 and any one of the ports 
110. This enables the network devices ND1-3 to commu- 
nicate with the network devices ND4— 6. 

Each of the ports 106, 110 and each of the network 
devices ND1-6 include a PHY device for transmitting and 
receiving encoded signals via the physical medium, such as 
the cable segments 108, 112. If implemented according to 
the recommendations of the IEEE Standards, each PHY 
device of each ports 106, 110 would include a crossover 
function and the PHY devices within each of the network 
devices ND1-6 would not include the crossover function. 
Thus, the cable segments 108 to establish the connection 
would be straight-through cables. Of course, if any of the 
network devices ND1-6 also performed the crossover 
function, then a crossover cable would be necessary to 
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enable communication. The cable segment 112 would have 
to be a crossover cable to counterbalance one of the internal 
crossover functions of the ports 106 and 110. Alternatively, 
one or more of the ports 106, 108 could include two separate 
connectors or a single connector with a mechanical switch to 5 
selectively perform the crossover function. 

The network devices 102 and 104, however, are imple- 
mented according to the present invention. Therefore, it does 
not matter whether any of the network devices ND1-6 or the 
cable segments 108, 112 perform the crossover function. In 10 
particular, each of the ports 106 and 108 automatically 
detects connection to an external network device and 
accordingly determines the appropriate crossover function. 
Of course, not all of the ports 106, 108 need be implemented 
with automatic detection according to the present invention, 15 
so that any number of the ports may be implemented in a 
standard manner. Any combination is possible and is con- 
sidered simply a matter of design choice. 

Referring now to FIG. 2, a schematic diagram is shown of 
an automatic media detection circuit 200 implemented 2 o 
according to one embodiment of the present invention. In 
this case, the copper twisted-wire pair version is illustrated. 
The automatic media detection circuit 200 may be used to 
implement any one or more of the ports 106, 110 of FIG. 1. 
The detection circuit 200 includes a plurality of similar ports 2 s 
202, each of which includes a connector 204 for coupling 
with a compatible connector of a corresponding cable seg- 
ment (not shown). For example, the connector 204 is an 
RJ-45 plug for an Ethernet twisted-pair embodiment. In the 
embodiment shown, each connector 204 includes at least 30 
two pairs of contacts 204a, 2046 for interfacing positive and 
negative transmit signals and positive and negative receive 
signals, respectively. The ports 202 are individually labeled 
PORT1, PORT2, . . . PORTN, where "N" is any desired 
integer for any number of ports 202. Only the first port 35 
PORT1 is described, where it is understood that the remain- 
ing ports 202 are configured in a similar manner. 

It is noted that the present invention is illustrated with 
several protocols using complementary signal pairs includ- 
ing positive and negative counterpart signals for both trans- 40 
mit and receive functions. Such signal pairs are known for 
implementing Manchester or Differential Manchester 
encoding schemes depending upon the particular protocol 
and physical media. However, the present invention con- 
templates any type of transmission scheme for implementing 45 
the transmit and receive functions. Furthermore, the present 
invention contemplates wireless transmission schemes and 
is not limited to protocols using physical media. 

The positive and negative contacts of the contact pair 
204a are electrically coupled to the positive and negative 50 
terminals, respectively, of a secondary port of a bidirectional 
isolation transformer 206, which includes a primary port 
with corresponding positive and negative terminals. 
Likewise, the positive and negative contacts of the contact 
pair 2046 are electrically coupled to the positive and nega- 55 
tive terminals, respectively, of a secondary port of another 
bidirectional isolation transformer 208, which includes a 
primary port with corresponding positive and negative ter- 
minals. It is noted that the isolation transformers 206 and 
208 transfer encoded signals in either direction so that either 60 
port may be considered primary or secondary. The positive 
and negative terminals of the primary port of the transformer 
206 are connected to respective contacts of a pair of contacts 
210a of select logic 214, and the positive and negative 
terminals of the primary port of the transformer 208 are 65 
connected to respective contacts of a pair of contacts 210 of 
the select logic 214. 
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A transceiver PHY device 218 is provided which includes 
a positive and negative pair of receive (RX) contacts 220a 
and a positive and negative pair of transmit (TX) contacts 
2206. The respective contacts of the RX contact pair 220a 
are coupled to respective contacts of a pair of contacts 216a 
of the select logic 214. The respective contacts of the TX 
contact pair 2206 are coupled to respective contacts of a pair 
of contacts 2166 of the select logic 214. The select logic 214 
includes a select input SEL, which receives a respective 

binary crossover signal XOVER SEL1 for determining 

whether a crossover function is performed. Each of the ports 

202 receives an XOVER SELx signal, where the suffix "x" 

is an integer corresponding to the port number "N". For 

example, the XOVER SEL1 signal corresponds to the port 

PORT1, a signal XOVER SEL2 corresponds to the port 
PORT2, and so on, where all of the crossover signals are 
collectively referred to as the XOVER SELn signals. 

If the XOVER SEL1 signal is negated low, then the 

select logic 214 internally connects respective contacts of 
the contact pair 216a to respective contacts of the contact 
pair 210a, as illustrated by a pair of internal connection lines 
212a. In this manner, the positive RX contact of the RX 
contact pair 220a of the PHY device 218 is electrically 
coupled to the positive terminal of the primary port of the 
transformer 206 and the negative RX contact of the RX 
contact pair 220a is electrically coupled to the negative 
terminal of the primary port of the transformer 206. Also, 

when the XOVER SEL1 signal is negated low, then the 

select logic 214 internally connects respective contacts of 
the contact pair 2166 to respective contacts of the contact 
pair 2106, as illustrated by a pair of connection lines 2126. 
In this manner, the positive TX contact of the TX contact 
pair 2206 of the PHY device 218 is electrically coupled to 
the positive terminal of the primary port of the transformer 
208 and the negative TX contact of the TX contact pair 2206 
is electrically coupled to the negative terminal of the pri- 
mary port of the transformer 208. 

If, however, the XOVER SEL1 signal is asserted high, 

then the select logic 214 internally connects the respective 
contacts of the contact pair 216a to the respective contacts 
of the contact pair 2106, as illustrated by a pair of dashed- 
line connection lines 215a. In this manner, the positive RX 
contact of the RX contact pair 220a of the PHY device 218 
is electrically coupled to the positive terminal of the primary 
port of the transformer 208 and the negative RX contact of 
the RX contact pair 220a is electrically coupled to the 
negative terminal of the primary port of the transformer 208. 

Also, when the XOVER SEL1 signal is asserted high, then 

the select logic 214 internally connects the respective con- 
tacts of the contact pair 2166 to the respective contacts of the 
contact pair 210a, as illustrated by a pair of dashed-line 
connection lines 2156. In this manner, the positive TX 
contact of the TX contact pair 2206 of the PHY device 218 
is electrically coupled to the positive terminal of the primary 
port of the transformer 206 and the negative TX contact of 
the TX contact pair 2206 is electrically coupled to the 
negative terminal of the primary port of the transformer 206. 

The PHY device 218 is implemented according to any of 
the known network protocols, such as Token Ring, Ethernet, 
FDDI, CDDI, ATM, etc. For Ethernet, such as lOBase-T or 
100Base-TX, the RX contact pair 220a includes signals 
RxD2+ and RxD2- and the TX contact pair 2206 includes 
the signals TxDl+ and TxDl-. Ethernet 100Base-T4 
includes the RxD2+/- and TxDl+/- signal pairs, but also 
includes bidirectional signal pairs BiD3+, BiD3- and 
BiD4+, BiD4- which signal pairs are also crossed in the 
crossover connection as described below with reference to 
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FIG. 3. For Token Ring and CuDDI or CDDI, the RX 
contact pair 220a includes signals Rx+ and Rx- and the TX 
contact pair 2206 includes the signals Tx+ and Tx-. For 
ATM, the RX contact pair 220a includes signals RxA and 
RxB and the TX contact pair 2206 includes the signals TxA 
and TxB. Each PHY device 218 is coupled to an appropriate 
and corresponding media-access control (MAC) device (not 
shown) for implementing the MAC data link sub-layer. 

The particular configuration and pin assignments of the 
contacts between straight and crossover connections of each 
of the connectors 204 depends upon the particular protocol 
involved. The following tables 1-5 provide the pin assign- 
ments for the indicated protocols as referenced from a hub, 
repeater or switch: 

TABLE 1 



15 



Connector 204 Pin Assignments for Ethernet lOBase-T and 100Base-TX 


Pin # 


Signal Name 


Signal Polarity 


Crossover Configuration 


1 


RxD2 


+ 


1 - 6 


2 


RxD2 




2 - 3 


3 


TxDl 




3 - 2 


6 


TxDl 


+ 


6 => 1 


TABLE 2 




Connector 204 Pin Assignments for Token Ring UTP 


Pin # 


Signal Name 


Signal Polarity 


Crossover Configuration 


3 


Rx 




3 => 5 


4 


Tx 


+ 


4 - 6 


5 


Tx 




5 - 3 


6 


Tx 


+ 


6 - 4 


TABLE 3 




Connector 204 Pin Assignments for Token Ring STP 


Pin # 


Signal Name 


Signal Polarity 


Crossover Configuration 


1 


Tx 


+ 


1-9 


5 


Rx 




5 - 6 


6 


Tx 




6 - 5 


9 


Rx 


+ 


9-1 


TABLE 4 




Connector 204 Pin Assignments 


for CuDDI UTP5 


Pin # 


Signal Name 


Signal Polarity 


Crossover Configuration 


1 


Tx 


+ 


1-7 


2 


Tx 




2-8 


7 


Rx 


+ 


7 => 1 


8 


Rx 




8 - 2 


TABLE 5 


Connector 204 Pin Assignments for ATM115 UTP5 and 






ATM25 UTP 




Pin # 


Signal Name 


Signal Polarity 


Crossover Configuration 


1 


RxA 


na/ 


1-7 


2 


RxB n/a 


2 - 8 





20 



30 



35 



60 



10 



TABLE 5-continued 



Connector 204 Pin Assignments for ATM115 UTP5 and 




ATM25 UTP 




Pin # Signal Name 


Signal Polarity 


Crossover Configuration 


7 TxA 


n/a 


7-1 


8 TxB 


n/a 


8-2 



It is noted that the initial pin number assignments repre- 
sented by the first two columns in each of the Tables 1-5 
represents an internal crossover function as recommended 
by the IEEE 802 Standards, and that the crossover configu- 
ration in the last column represents a "straight-through" 
connection. For example, for the Ethernet protocol in Table 
1, the pin assignments RxD2+=pin #1, RxD2-=pin #2, 
TxDl-=pin #3 and TxDl+=pin #6 represents an internal 
crossover function, whereas the pin assignments for the 
"crossover" configuration RxD2+=pin #6, RxD2-=pin #3, 
TxDl-=pin #2 and TxDl+=pin #1 represents a "non- 
crossover" function. It is noted, however, that for purposes 
of the present invention, the distinction between crossover 
and non-crossover connections is arbitrary since the auto- 
matic media detection circuit 200 establishes a working 
communication in either case. 

According to clause 14.2.1.1 of the IEEE 802.3 Standard, 
a lOBase-T compliant device sends compliant link integrity 
test pulses, or the Normal Link Pulse (NLP) sequence when 
connected. A device capable of 100 Mbps sends a Fast Link 
Pulse (FLP) burst, which is a series of link integrity test 
pulses that form an alternating clock/data sequence. These 
sequences may be used to implement the Auto-Negotiation 
function as defined in clause 28 of the IEEE 802.3u Stan- 
dard. For Ethernet, each link pulse has a duration between 75 
and 120 nanoseconds (ns) and the duration between each 
link pulse is between 8 and 24 milliseconds (ms). Similar 
link pulse sequences may be defined for other protocols. 
However, in some protocols, such as the ATM protocols, a 
connected device begins sending data signals upon connec- 
40 tion. In general, a connected device sends communication 
signals until detected by a receiving device, which respond- 
ingly transmits corresponding communication signals to 
establish a communication link. 

The PHY device 218 continually monitors the signals of 
45 its RX contact pair 220a to detect communication signals 
being transmitted by an external device. For example, an 
Ethernet PHY device detects a valid link pulse sequence by 
counting at least 3 link pulses and up to 11 pulses by a 
compatible external device before determining a valid link 
50 pulse sequence, which requires at least approximately 70-80 
ms. Typically, 5-7 pulses are needed. If communication 
signals are detected, then the PHY device 218 asserts a 
corresponding LINK_DETECT1 signal high indicating 
detection of a compliant device. If the communication 
55 signals are not detected, the PHY device 218 negates its 
LINK_DETECT1 signal low. Again, each of the ports 202 
includes a PHY device 218 which asserts a corresponding 
LINK_DETECTx signal, where "x" is an integer corre- 
sponding to the port number "N". For example, the LINK_ 
DETECT1 signal corresponds to the port PORT1, a signal 
LINK_DETECT2 corresponds to the port PORT2, and so 
on, where all of the link detect signals are collectively 
referred to as the LINK_DETECTn signals. 

A mode control circuit 222 receives all of the LINK_ 
DETECTn signals, a sample clock signal SAMPLE, a LAN 
reference clock signal CLK and a mode select signal 
MODE, and controls the XOVER_SELn signals. A clock 
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circuit 224 generates the SAMPLE signal for the mode 
control circuit 222. The mode control circuit 222 generally 

operates to continuously toggle each of the XOVER SELn 

signals between logic zero (0) and logic one (1) until 
corresponding ones of the LINK_DETECTn signals are 5 

asserted, at which time the corresponding XOVER SELn 

signals are latched. It is noted that the toggle frequency, 
which is derived from the frequency of the SAMPLE signal, 
should be low enough to ensure that each PHY device 218 
has sufficient time to detect valid communication signals 10 
(such as a valid link pulse sequence or valid data signals) 
and assert its corresponding LINK_DETECTx signal. The 
SAMPLE clock signal may be derived from the CLK signal, 
but is preferably generated independently due to the large 
difference between the respective frequencies. For Ethernet, 15 
the CLK signal is 20 megahertz (MHz) for 10 Mbps embodi- 
ments and 25 MHz for 100 Mbps embodiments. A minimum 
of 70-80 ms is needed to assure link detection of 3 con- 
secutive link pulses, which corresponds to a frequency of 
approximately 7 hertz (Hz) for the SAMPLE clock signal. 20 
For Ethernet, a good choice is approximately 3 Hz to include 
at least 6 consecutive link pulses. Of course, the frequency 
of the SAMPLE signal will be different depending upon the 
protocol and the communication signals to be detected. 

When any LINK_DETECTx signal is asserted, the mode 25 

control circuit 222 latches the corresponding XOVER 

SELx signal, and disables the toggling function of the 
XOVER_SELx signal for the port. If the LINK_DETECTx 
signal is subsequently negated, the mode control circuit 222 

returns the XOVER SELx signal to the toggle mode. In this 30 

manner, for each PHY device 218, the mode select circuit 

220 continuously toggles the XOVER SELx signal to 

toggle connection of the RX contact pair 220a between the 
contact pair 210a and the contact pair 2106 until the corre- 
sponding LINK_DETECTx is asserted. When the LINK_ 35 
DETECTx is asserted, the mode select circuit 220 latches 

the XOVER SELx signal to keep it in the same state in 

which the LINK_DETECTx was asserted. 

For example, suppose a network device (not shown) is 
connected through an appropriate cable and connector to the 40 
connector 204 of PORT1 of the automatic media detection 
circuit 200. The TX signal pair of the PHY device (not 
shown) of the connected network device may be connected 
to the corresponding contacts of either the isolation trans- 
former 206 or the isolation transformer 208, when the RX 45 
signal pair is connected to the opposite isolation transformer. 
The PHY device of the external network device continu- 
ously sends communication signals on its TX signal pair, 
which, for purposes of illustration, will assume to be con- 
nected to the contact pair 204a of the connector 204, and 50 
thus to the secondary terminals of the isolation transformer 
206. Eventually, the mode control circuit 222 negates the 

XOVER SEL1 signal, so that the contact pair 216a of the 

select logic 214 is connected to the contact pair 210a. The 
communications signals asserted by the network device is 55 
thus transmitted to the RX contact pair 220a of the PHY 
device 218, which detects the communication signals and 
asserts the LINK_DETECT1 signal. The mode control 
circuit 222 detects assertion of the LINK_DETECT1 signal 

and respondingly latches the XOVER SEL1 signal in a low 60 

logic state. If the LINK_DETECT1 signal is subsequently 
negated, such as, for example, if the external network device 
coupled through PORT1 is subsequently disconnected, the 

mode control circuit 222 again toggles the XOVER SEL1 

signal to repeat the procedure. 65 

On the other hand, if the TX signal pair of the network 
device is connected to the contact pair 2046 of the connector 
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204, then the communication link is established when the 

XOVER SEL1 signal is asserted high. In this manner, an 

operable communication link is established regardless of 
whether the connected network device includes a crossover 
function or not and regardless of whether a crossover cable 
is used or not. The circuitry of each of the remaining ports 
PORT2, PORT3, . . . , PORTN operates in a similar manner 
as PORT1. 

An automatic media detection circuit according to the 
present invention is implemented in any desired fashion, 
such as a discrete embodiment using analog and digital 
discrete components, or an integrated solution such as one or 
more integrated circuits (ICs), application specific integrated 
circuits (ASICs), or the like. In a discrete embodiment, the 
select logic 214 performs a multiplex (mux) function, which 
is implemented with any type of select logic, multiplex 
logic, analog switch, relay or switching device known to 
those skilled in the art. For example, the QS3390 "Quick 
Switch" manufactured by Quality Semiconductor is a good 
choice as an analog switch because of several beneficial 
features, including nearly 0 ns of propagation delay, very 
low static resistance, relatively low pin capacitance for both 
control and channel pins, very high current drive capability 
per channel, relatively linear transfer function of V OUT 
versus V /iV for up to four (4) volts direct current (V^ c ), and 
deterministic dynamic properties. The QS3390 includes 
eight 2:1 muxes, where each contact of the PHY device 218 
is connected to one "input" contact of the select logic 214, 
which input contact is selectively coupled to one of two 
different "output" contacts of the of the select logic 214 
based on its select input, thereby performing the crossover 
function. For the mode control circuit 222 including two 
pairs per port, only four 2:1 muxes are needed per port. 

FIG. 3 is a schematic diagram of a port circuit 300 for 
implementing each port of an Ethernet 100Bast-T4 
configuration, where the port circuit 300 replaces the com- 
parable port circuitry of each of the ports 202 of the 
automatic media detection circuit 200. In particular, the 
PHY device 218, the select logic 214, the isolation trans- 
formers 206, 208 and the connector 204 are replaced with an 
Ethernet 100Base-T4 PHY device 324, an select logic 320, 
isolation transformers 304, 306, 308 and 310, and a con- 
nector 302, respectively, for each of the ports 202. Connec- 
tivity and operation is similar, except that the port circuit 300 
includes the crossover function for the signal pairs BiD3+/- 
and BiD4+/- of the 100Base-T4 protocol. 

The positive and negative terminals of the secondary port 
of the isolation transformers 304, 306, 308 and 310 are 
connected to pins 1 and 2, pins 3 and 6, pins 7 and 8 and pins 
4 and 5, respectively, of the connector 302. The positive and 
negative terminals of the primary port of the isolation 
transformers 304, 306, 308 and 310 are connected to first 
and second contacts of contact pairs 312a, 3126, 312c and 
312d, respectively, of the select logic 320. The RxD2+/-, 
TxDl+/-, BiD3+/- and BiD4+/- signals of signal pairs 
322a-d of the PHY device 324 are connected to first and 
second contacts of contact pairs 314a, 3146, 314c and 314d, 
respectively, of the select logic 320. The select logic 320 
includes a select input SEL for receiving a crossover select 
signal XOVER_SEL. When the XOVER_SEL signal is 
negated low, the select logic 320 connects the first and 
second contacts of the contact pairs 314a-d to the first and 
second contacts of the contact pairs 312a-d, respectively, as 
illustrated by respective internal connection pairs 316a-d. 

When the XOVER SEL signal is asserted high, the select 

logic 320 connects the first and second contacts of the 
contact pairs 314a— d to the first and second contacts of the 
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contact pairs 3126, 312a, 312<i and 312c, respectively, as 
illustrated by respective internal dashed-line connection 
pairs 318a— d. It is noted that the connection pairs 316a— d 
represent an internal crossover connection and that the 
connection pairs 31Sa-d represent non-crossover connec- 
tions as previously described. However, a system according 
to the present invention alleviates any need for such nomen- 
clature. 

The following table 6 provides the pin assignments for the 
Ethernet 100Base-T4 protocol as referenced from a hub, 
repeater or switch: 

TABLE 6 

Connector 204 Pin Assignments for Ethernet 100Base-T4 



Pin # 


Signal Name 


Signal Polarity 


Crossover Configuration 


1 


RxD2 


+ 




3 


2 


RxD2 




2 => 


6 


3 


TxDl 


+ 


3 => 


1 


4 


BiD4 


+ 


4 =» 


7 


5 


BiD4 




5 =► 


8 


6 


TxDl 




6 - 


2 


7 


BiD3 


+ 


7 => 


4 


8 


BiD3 




8 =* 


6 
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The QS3390 Quick Switch may also be used to imple- 25 
ment the select logic 320 in a discrete design, where all eight 
2:1 internal muxes are used to complete the straight-through 
and crossover connections. 

Referring now to FIG. 4, a schematic diagram is shown of 
a discrete embodiment of the mode control circuit 222. A 30 
logic state machine 400 is provided for each of the ports 
PORT1, PORT2, PORT3, . . . , PORTN, where each state 
machine 400 receives the CLK and SAMPLE clock signals 
and a corresponding LINK_DETECTx signal, and asserts a 

corresponding XOVER SELx signal as previously 35 

described. Thus, port PORT1 receives the LINK 

DETECT1 signal and asserts the XOVER SEL1 signal, 
PORT2 receives the LINK_DETECT2 signal and asserts 

the XOVER SEL2 signal, and so on. Each of the ports 

PORT1-N also asserts a logic negation signal of each of the 40 

XOVER SELn signals, which are referred to as the 

XOVER SELn* signals, where an asterisk (*) appended to 

a signal name denotes negative logic. Thus, PORT1 asserts 
a signal XOVER_SELl*, PORT2 asserts a signal 
XOVER_SEL2*, and so on. 45 

Each of the state machines 400 for each of the ports 
PORT1-N are implemented in a similar manner, so that only 
the logic for PORT1 is shown and described. The LINK_ 
DETECT1 signal is provided to the data (D) input of a 
D-type flip-flop (DFF) 402, which has a Q output coupled to 50 
the D input of another DFF 404. The DFFs 402 and 404 are 
any standard D-type flip-flops, such as an SN7474 dual, 
positive edge -triggered D-type flip-flop manufactured by 
Texas Instruments, Inc. (TI). The Q output of the DFF 404 
asserts a signal HOLD, which is provided to the inverted 55 
enable input of a third DFF 406. The DFF 406 is also a 
D-type flip-flop, but preferably includes an inverted enable 
input, such as an SN74LS377 D-type, low-power Schottky 
flip-flop manufactured by TI. 

The DFF 406 asserts the XOVER_SELl signal at its Q 60 

output. An inverter 408 receives the XOVER SEL1 signal 

at its input and asserts the XOVER SEL1* signal at its 

output. Each of the DFFs 402, 404 and 406 have clock inputs 
receiving the CLK signal. The SAMPLE signal is provided 
to the D input of the DFF 406. It is noted that the same 65 
SAMPLE signal is provided to each DFF corresponding to 
the DFF 406 within all of the ports PORT1-N to assure that 



all of the muxes of the select logic 214, 320 are in the same 
phase when all of the LINK_DETECTn signals are negated. 
This substantially eliminates the possibility of creating 
closed loop segments in a homogeneous stack unit or chassis 
hub. The clock circuit 224 generates the SAMPLE clock 
signal for each of the ports PORT1-N. The clock circuit 224 
includes a timer circuit 410, which generates a clock signal 
SCLK for deriving the SAMPLE clock signal. The SCLK 
signal is provided to the clock input of a frequency divider 
circuit 412, which provides the SAMPLE signal at its 
output. In one embodiment, the timer circuit 410 includes a 
555-type timer or the like for generating the SCLK signal, 
and the frequency divider circuit 412 divides the SCLK 
signal by 16 to develop the SAMPLE clock signal. As 
described previously, the SAMPLE clock signal is prefer- 
ably approximately 3-4 Hz. It is noted, however, that the 
clock circuit 224 may be implemented in any desired 
manner to provide an appropriate sample clock signal. 

A mode circuit 416 is optionally included, which receives 
mode signals, collectively referred to as the MODE signals, 
and asserts preset (PRESET*) and clear or reset (RESET*) 
signals. The PRESET* signal is provided to the preset (PRE) 
input and the RESET* signal is provided to the clear (CLR) 
input of the DFF 406 within each of the state machines 400. 
The MODE signals are provided to selectively assert or 
negate the PRESET* and RESET* signals. In this manner, 
all of the ports PORT1-N may be placed in the same state 
during power up or reset, or may be individually controlled 
as desired. 

In operation, the DFF 406 toggles the XOVER_SELl 
signal to follow the SAMPLE signal while the LINK_ 
DETECT1 and the HOLD signals are low. When the 
LINK_DETECT1 signal is asserted high by the PHY device 
218, the DFF 402 asserts its Q output high on the next rising 
edge of the CLK signal, and the DFF 404 correspondingly 
asserts the HOLD signal high on the following rising edge 
of the CLK signal. Assertion of the HOLD signal causes the 
DFF 406 to stop toggling and to latch its Q output upon 
assertion of the HOLD signal. The XOVER_SELl and 

XOVER SEL1* signals thus remain at a steady logic state 

while the LINK_DETECT1 signal is asserted. In this 
manner, when the PHY device 218 detects valid communi- 
cation signals, the state machine 400 latches the current state 
of the XOVER SEL1 signal to maintain the communica- 
tion link. 

If the PHY device 218 subsequently loses the communi- 
cation signals, it negates the LINK_DETECT1 signal. The 
DFFs 402, 404 subsequently negate their Q outputs upon 
successive cycles of the CLK signal, thereby negating the 
HOLD signal low. The DFF 406 respondingly returns to the 

toggle mode by continuously toggling the XOVER SEL1 

and XOVER SEL1* signals as previously described, until 

the LINK_DETECT1 signal is next asserted. Operation of 
the remaining ports PORT2-N is similar. The inclusion of 
the DFFs 402, 404 provide synchronization and reduces 
susceptibility to glitches of the LINK_DETECTn signals. 

In an integrated version, the mux or crossover function 
represented by the select logic 214 is implemented digitally 
within an automatic media sense PHY device 218, which has 
dual purpose input/output (I/O) pins that change from TX 
outputs to RX inputs. The I/O switching is controlled by one 
system master state machine engine, so that all of the ports 
or nodes in the homogenous unit use the same master clock. 
Alternatively, separate and dedicated input and output pins 
are attached to each other externally and controlled in a 
similar manner as a discrete version. Although not shown, 
impedance matching termination resistors are provided for 
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each source transmitter and receiver input signal pair. The 
resistors are preferably the same for both TX and RX to 
simplify the front end circuitry and the implementation of 
the auto media sense detect circuit. 

The PHY device 218 is either a 10 Mbps, a 100 Mbps or 5 
a 10/100 Mbps device and includes status registers (not 
shown) to provide indications for 10 Mbps link, 100 Mbps 
link and Auto Negotiation Sequence Status. These status 
registers are used to control the select pin of the muxes to 
provide infinite control over MDI or MDI-X timing and 
static positioning. For example, an external master timer 
may be eliminated by using a software driver to query the 
internal status registers for status information, such as the 
link condition of each port and/or the status of each Auto 
Negotiation State Machine (including whether the PHY is 
negotiating a link in 10 Mbps mode, 100 Mbps mode, full or 15 
half duplex, etc.). After a PHY has exhausted its link detect 
state machine process, a status register may be used to 
indicate termination of the process, where the software 
driver then changes the state of the select pin of the mux. 

It is now appreciated that an automatic media detection 20 
circuit according to the present invention automatically 
detects the connection of a compatible network device 
through cable media at a port and establishes a working 
communication link. Control logic continuously toggles 
select logic at each port between straight through and 2 s 
crossover connections until communication signals are 
detected. The control logic then latches the state of the port 
while the link remains valid, thereby enabling communica- 
tion. In this manner, there is no need to determine an 
appropriate cable type for a given network device and there 
is no need to independently label the ports, since the 
crossover function is automatically negotiated. 

Although a system and method according to the present 
invention has been described in connection with the pre- 
ferred embodiment, it is not intended to be limited to the 
specific form set forth herein, but on the contrary, it is 35 
intended to cover such alternatives, modifications, and 
equivalents, as can be reasonably included within the spirit 
and scope of the invention as defined by the appended 
claims. 

We claim: 40 
1. A media detection system for a network device, com- 
prising: 

at least one port connector including first and second 
contact sets; 

at least one physical layer device including a transmit 45 
output and a receive input that monitors said receive 
input for communication signals and provides a link 
detect signal indicative thereof; 

at least one select circuit coupled to said at least one port 
connector and said at least one physical layer device 50 
that couples said receive input of said physical layer 
device to said first contact set of said port connector in 
a first state and that couples said receive input of said 
physical layer device to said second contact set of said 
port connector in a second state; and 55 

a control circuit coupled to said at least one select circuit 
and receiving said link detect signal that provides a 
crossover signal to toggle said select circuit between 
said first and second states until said link detect signal 
indicates reception of communication signals, said con- 60 
trol circuit comprising: 

a first flip-flop having a data input that receives said 
link detect signal and that asserts a latched link 
detect signal; 

a second flip-flop having a data input receiving said 65 
latched link detect signal and that provides a latched 
hold signal; and 



a third flip-flop that toggles said crossover signal hav- 
ing a data input receiving a periodic sample signal 
and an enable input receiving said latched hold 
signal. 

2. The media detection system of claim 1, further com- 
prising: 

said control circuit holding said select circuit into one of 
said first and second states while said communication 
signals are detected; and 

said control circuit returning to toggling said select circuit 
between said first and second states if said link signal 
indicates subsequent loss of said communication sig- 
nals. 

3. The media detection system of claim 1, further com- 
prising: 

said at least one port connector comprising a plurality of 
port connectors, each including first and second contact 
sets; 

said at least one physical layer device comprising a 
plurality of physical layer devices, each including a 
transmit output and a receive input where each moni- 
tors its respective receive input for communication 
signals and provides a corresponding link detect signal 
indicative thereof; 

said at least one select circuit comprising a plurality of 
select circuits, each coupled to a corresponding one of 
said plurality of port connectors and to a corresponding 
one of said plurality of physical layer devices, wherein 
each one of said plurality of select circuits couples a 
receive input of a corresponding physical layer device 
to a first contact set of a corresponding port connector 
in a first state and couples said receive input of said 
corresponding physical layer device to a second contact 
set of said corresponding port connector in a second 
state; and 

said control circuit being coupled to each of said plurality 
of select circuits and receiving a plurality of corre- 
sponding link detect signals to toggle each of said 
plurality of select circuits between said first and second 
states until corresponding link detect signals indicate 
reception of respective communication signals. 

4. The media detection system of claim 3, wherein the 
network device is a repeater. 

5. The media detection system of claim 1, further com- 
prising: 

said select circuit comprising an analog switch including 
a plurality of multiplex switches, each receiving said 
crossover select signal. 

6. The media detection system of claim 1, further com- 
prising: 

each of said first and second sets of contacts of said at 
least one port connector including first and second 
contacts; 

said transmit output and said receive input of said at least 
one physical layer device each including a pair of 
complementary signals; and 

said at least one select circuit selectively coupling said 
pair of complementary signals of said transmit output 
and said receive input of said at least one physical layer 
device between respective contacts of said first and 
second sets of contacts of said at least one port con- 
nector. 

7. The media detection system of claim 1, further com- 
prising: 

said at least one port connector further including third and 
fourth sets of contacts; 
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said at least one physical layer device further including 
first and second bidirectional signal pairs; and 

said at least one select circuit further coupling said 
transmit output, said first bidirectional signal pair and 
said second bidirectional signal pair of said physical 5 
layer device to said second, third and fourth contact 
sets, respectively, of said port connector in said first 
state and coupling said transmit output, said first bidi- 
rectional signal pair input and said second bidirectional 
signal pair of said physical layer device to said first, 10 
fourth and third contact sets, respectively, of said port 
connector in said second state. 

8. The media detection system of claim 1, further com- 
prising: 

a clock circuit that generates said periodic sample signal. 15 

9. The media detection system of claim 8, wherein said 
clock circuit comprises: 

a timer circuit to provide an intermediate clock signal; and 
a frequency divider that receives said intermediate clock 2 o 
signal and that provides said sample signal. 

10. A network system, comprising: 

a plurality of network data devices, each capable of 
sending and receiving data through a network segment; 
and 25 
a multiport network device for coupling to each of said 
plurality of network data devices to transfer data 
therebetween, said network device comprising: 
a plurality of ports, each including a port connector 
having first and second contact sets that interface a 30 
corresponding network segment; 
a plurality of physical layer devices, each including a 
transmit output and a receive input where each 
monitors its respective receive input for communi- 
cation signals from a network data device and that 35 
respondingly provides a corresponding link detect 
signal indicative thereof; 
a plurality of select circuits, each coupled to a corre- 
sponding one of said plurality of port connectors and 
to a corresponding one of said plurality of physical 40 
layer devices, wherein each one of said plurality of 
select circuits couples a transmit output and a receive 
input of a corresponding physical layer device to first 
and second contact sets, respectively, of a corre- 
sponding port connector in a first state and couples a 45 
receive input and a transmit output of said corre- 
sponding physical layer device to first and second 
contact sets, respectively, of said corresponding port 
connector in a second state; and 



a control circuit coupled to each of said plurality of 
select circuits that receives a corresponding plurality 
of link detect signals and that asserts a corresponding 
plurality of crossover signals to toggle each of said 
plurality of select circuits between said first and 
second states until corresponding link detect signals 
indicate reception of respective communication 
signals, wherein upon detection of any communica- 
tion signals, said control circuit holds corresponding 
ones of said plurality of select circuits into one of 
said first and second states, said control circuit 
including a plurality of latch circuits, each compris- 
ing: 

a first flip-flop having a data input receiving a 
corresponding one of said plurality of link detect 
signals for asserting a latched link detect signal; 

a second flip-flop having a data input that receives 
said latched link detect signal and that provides a 
latched hold signal; and 

a third flip-flop having a data input that receives a 
periodic sample signal to toggle a corresponding 
one of said plurality of crossover signals and an 
enable input that receives said latched hold signal. 

11. The network system of claim 10, wherein said mul- 
tiport network device is a repeater. 

12. The network system of claim 10, wherein each of said 
plurality of select circuits comprises an analog switch. 

13. The network system of claim 10, further comprising: 
each of said plurality of select circuits receiving a corre- 
sponding one of said plurality of crossover signals from 
said control circuit to control switching between said 
first and second states; and 

a clock circuit that generates a periodic sample signal. 

14. The network system of claim 13, further comprising: 
said multiport network device generating a network clock 

signal; and 

said third flip flop of each of said plurality of latch circuits 
including a clock input that receives said network clock 
signal. 

15. The network system of claim 10, wherein at least one 
of said plurality of network data devices is a data terminal 
equipment device asserting a link pulse sequence. 

16. The network system of claim 10, wherein at least one 
of said plurality of network data devices is a multiport 
repeater. 



